Bean plants, trimed to a simpl"id "double source, doube sink" translocatlon system (the paired primary leaves serving as the double source and the paired lateral laflets of the immature first trifolate leaf as the double sink) were used to study the magnitude and short-term time course of change in the alocatio ratio (parti ratio) of assimilates translocated from the labeled primary leaf to its respective "near" and "far leaflet" sinks in response to an increase or decrease in the source strength of the opposite primary leaf (the "control" leaf). If the rates of net photosynthesis in the two prbiary leaves were similar, assimilates from the labeled source leaf partond to the leaflet sinks in the ratio of 5:1 or higher, the dominant sink beng the leaflet "nearer" to the labeled source leaf. If the rate of net photosynthesis in the control leaf was increased substantially above that of the labeled source leaf, the rate of translocation from the labeled source to either the near leaflet sink or far leaflet sink remained unaffected, despite, presumably, a higber translocation rate from the control leaf, and hence a higher phloem pressure gradient (or increased cross-sectional area) in the transport pathway from the control leaf to the leaflet sinks. If the control leaf was excised, thus reducing the source leaf area by about a half, the translocation rate from the remaining source leaf rapidly doubled, the partition ratio becoming equal to unity. If the control leaf was darkened, the partition ratio adjusted to an intermediate vahle. Athough export rates from the labeled source leaf were increased either by excising or darkening the control leaf, the rate of net photosynthesis in the labeled leaf remained constant.
The rate of acropetal translocation from a source leaf to a sink leaf varies with the position of the sink leaf in the phyllotactic sequence and with the ontogenetic stage of both the source leaf and the sink leaf. Complicating the dynamics ofthis export pattern is the fact that source leaves in orthostichies adjacent to that of the principal source leaf may also contribute assimilates to this leaf, though as may be expected their major export is normally directed to sink leaves in their own respective orthostichies (3, 13, 16, 18 'To whom correspondence should be addressed.
change in the patterns of assimilate transport by systematically varying source-sink parameters. For these studies we have used bean plants pruned to a simplified "double source, double sink" translocation system, as shown schematically in Figure 1 . Leaflets of the immature first trifoliate leaf usually differ in the amounts of assimilates imported from a given primary leaf. Mullins (16) showed that about 65% of the total assimilates translocated from source leaf A to the immature trifoliate leaf was allocated to the "near leaflet" (A'), 25% to the central leaflet (C'), and the remaining 10%o to the "far leaflet" (B'). For trifoliate leaf sinks which were minus the central leaflet, the allocation ratio (or partition ratio) was about 9:1. Thus the partition ratio of assimilates from a given primary leaf is strongly biased to the leaflet sink in the nearer or nearest orthostichy. What are the controlling parameters of this ratio? To what extent and how rapidly can this ratio be altered by varying the respective source strengths of A and B? Since the putative control which leaf B exerts on the distribution pattern of translocates from A may be expected to be mediated through changes in the export rate from B, to what extent does this rate vary with the photosynthetic rate? The present experiments were carried out to examine some of these relationships.
For purposes of this paper, source strength is equated with the net photosynthesis rate and sink strength with the import rate (22, 23) .
MATERIALS AND METHODS
Bean plants (Phaseolus vulgaris L., cv. Black Valentine) were grown hydroponically as previously described (20) , and were selected for use when 12-13 days old. At this stage, the primary leaves were at or near mature size and maximum export capacity, and the first trifoliate leaf was 5-7% of its fully expanded size and nearing its maximum sink strength (20) .
The design of the test plants is shown schematically in Figure   1 . On the day prior to an experiment the test plants were pruned to the "double source, double sink" format as shown, the pair of primary leaves constituting the "double source" and the pair of lateral leaflets of the first trifoliate leaf constituting the "double sink". In plants designated as "girdled", the stem was heat-girdled 1 cm below the primary leaf node. The central leaflet of the trifoliate leaf and the apical shoot growth above this leaf were both removed. Thus the translocation system in the girdled plants consisted principally of a pair of source-sink couples: source leaf A to its major and minor sinks A' and B', and source leaf B to its major and minor sinks B' and A'. In the nongirdled plants, these transport couples competed with the mobilizing ability of the root and lower stem sinks. Thus, various levels of sink competition and interaction were explored. Most of our studies to date have been carried out with the more simplified of these systems, namely, the girdled plants. The analytical system used in these studies (shown schematically in Fig. 2 ) permitted simultaneous measurements of both the net rates of photosynthesis in the source leaves A and B and the net rates of translocation from A to A' and A to B'. Reference should be made to earlier papers for analytical details (7, 20 (Table III) reflect a generally less favorable cuvette environment for B than for A. Constraints imposed by the placement of equipment accounted in part for this difference.
To assure a constant counting geometry, the leaflet sinks were held in special grids close to the end window of a G-M detector.
The space between the leaf and the window, about 3 mm in depth, was force-ventilated to prevent transpiration moisture from condensing on the window and thus significantly altering the counting efficiency. From the data showing the "C-accumulation rates in the target leaflets in cpm/min, the specific radioactivity in the closed loop in pg'2C/pCi14C, and the counting efficiency in ACi '4C/cpm, the translocation rates TAA and TAB were calculated in units of pg carbon min-'. to-sink ratio), an increased import rate into the sink leaves was (by inference) fully compensated by a corresponding increase in the export rate from the source leaf (removal of the source leaf in such plants is followed by rapid decay in the rate of entry of labeled translocate into the sink leaves [61), the relationship in nongirdled plants (characterized by a low source-to-sink ratio) may be considerably more complex. Recent work has shown that in such plants, increased import into the leaf sink is compensated by decreased export to the roots, the total export rate from the source leaf remaining unchanged (Dr. D. R. Geiger, personal correspondence).
RESULTS AND DISCUSSION
Why the partition ratios were unaffected by increasing PB relative to PA is unclear. A priori we considered that, associated with the higher photosynthetic rates in B would be higher translocation rates from B, and that associated with these higher rates would be a higher phloem pressure gradient ( Table  III) .
Similarly puzzling, and perhaps related to these observations, was the finding that reilluminating leaf B, after darkening it for 2-3 h, failed to return the partition ratio to its control value within the usual time limits of these experiments. In a few preliminary experiments, very little if any recovery was exhibited even in 4 h. In general, a decrease in the partition ratio could be affected much more easily than an increase.
Summarizing these data, the following relationships appear evident: (a) although export rates from source leaves A and B may differ, the sum of their pooled translocates allocated to leaflet sinks A' and B' is divided equally between these sinks, such that TAA' + TBA' = TBB' + TAB'; (b) to maintain this equality when PA and PB are unequal necessitates a disproportionately higher increase in the export rate from the stronger source leaf to its far leaflet sink than to its near leaflet sink; this accounts for the fact that the partition ratio of the stronger source leaf is characteristically lower than that of the weaker source leaf (this relationship appears independent of the absolute levels of photosynthesis used to achieve the imbalance in source strengths, i.e. higher-thancontrol versus control, or control versus dark); (c) the partition ratio varies inversely with the degree of imbalance in source strengths, approaching and eventually attaining a lower limiting value of unity for the stronger source leaf as the strength of the other source leaf declines toward zero (or to some threshold level); and (d) increased cross-subsidization (increased transport from B to A' or A to B') does not diminish the main export stream for a source leaf (A to A' or B to B'); i.e. an increase in the photosynthetic rate of B, for example, as in treatment 2 (Table II) , though undoubtedly resulting in an increase in translocation to A', did not diminish the main export stream from A to this sink (PA being held constant). As noted above, this relationship was not anticipated in view of the (putatively) higher phloem pressure gradient, or increased cross-sectional area of the transit pathway, from B to A' associated with the higher TBA'. Similar considerations apply to the minor export stream from a source leaf (A to B' or B to A'). These descriptive statements apply specifically to bean and other species with a similar phyllotaxy. Preliminary studies on cottonwood (three-eights to five-thirteenths phyllotaxies) have indicated significantly more complicated relationships.
An analysis of these relationships would be facilitated if measurements of TBB' and TBA' could have been made concurrently with the measurements of TAA' and TAB' on the same plants. Such measurements, however, would involve major technical difficulties. Tentatively, we have attempted to estimate TBB' and TBA' as follows. Given the net rate of photosynthesis in leaf B for each experimental treatment period (Table III, parameter 2), the (putative) rate of translocation (Table III (1), play a significant role in facilitating these changes in distribution patterns.
Similar adaptability of distribution patterns has been shown in peas (13) , apples (8, 9) , sunflower ([181 if source leaves in only one orthostichy were removed), corn (14) , tomato (12) , and other species. It may be significant that in all these cases young fruits constituted the target sinks. Translocation in vegetative sinks across orthostichous boundaries may be less common. Caldwell (4), e.g. showed that removal of all leaves from one side of the crown stem of the Swedish turnip at an early stage of development resulted in highly imbalanced growth of the turnips, the expansion of the tap root being much less on the defoliated side. Proebsting (unpublished work cited in Auchter [2] ) showed that the diameter increase of the shoots soon stopped in the spring on the side of apple trees upon which no leaves were allowed to develop, whereas growth of the shoots on the undefoliated side proceeded normally.
Whether or not these differences reflect differences in the ontogenetic stage of sink strength in relation to the time of experimental treatment is not clear. Loomis (14) , e.g. showed that full sized ears of maize were produced by translocation from leaves on sucker branches 2.5-3 m from the ear providing that nearby leaves were left on for a few days until a strong polarizing action of the developing embryos was established. The vegetative sinks in the present experiments were young leaves approaching their peak strength (20) . Similar compensatory changes in the export pattern from cotyledons of Pharbitis nil in response to differential treatment of the cotyledons have been shown recently by Ogawa and King (17) .
Source strength has been defined as equal to the product of source size and source activity (22, 23) , and has, therefore, in the present application, the units of carbon fixed per unit of time per leaf. Although by this definition source strength sets an upper limit to the export rate (at least over the longer term), it appears that the export rate is, at least in plants with high source-to-sink ratios, flexibly coupled to the photosynthetic rate, responding rapidly to changes in sink demand. Thus in thelimiting situation where half of the source was removed (excision experiments), the translocation rate from the remaining source (leaf A) appears to have rapidly doubled without any increase in its photosynthetic rate; that is, without any increase in its source strength, as defined. As shown in TableI, the TA/PA ratio (jig carbon exported min-/ rug carbon fixed min-'), expressed as a per cent, increased from 18.8 to 38.6% within a period of 1.5 h (Fig. 3) in response to the diminished source area. Although a linear relationship between photosynthesis rate and translocation rate may be taken as the normative situation (5, 10, 19) , it is apparent that deviations from linearity can occur readily. Hoddinott (11) has reported a constant translocation rate in Mimosa pudica, despite a decline in photosynthesis as a result of pinnule closure. These differences may be related in part to varying degrees of sink-or source-limited translocation rates.
These observations, coupled with the fact that TAB' increased much more strongly in response to removal of B (absolute zero export) than to darkening of B (zero net photosynthesis) suggest that, at least in short-term applications, source strength may be more adequately quantified in units of carbon exported per unit time rather than in units of carbon fixed per unit time.
